1 1. Effects of invasive species on ecosystem processes are often thought to underlie the effects of 2 invaders on community dynamics. Specifically, positive feedbacks in which invasive species alter 3 ecosystem function in ways that favor their own growth have been suggested as an important 4 mechanism contributing to the success of invasion. 5 2. In this study, we analyzed the impacts of the invasive exotic tree Acer platanoides on survival and 6 growth of conspecific and native tree seedlings, and explored whether these impacts can be 7 explained by the ecosystem effects of the invader. Seedlings of Acer platanoides, Acer saccharum, 8 Fraxinus americana, and Prunus serotina were monitored in quadrats in three forest stands in 9 northwestern Connecticut. Soil resources and light levels were quantified in the same quadrats. 10 3. Maximum-likelihood methods were used to predict seedling survival and growth as a function of 11 the size and spatial configuration of A. platanoides trees in the immediate neighborhood (0-25 m).
measured on 10 g of sieved soil after oven drying at 60ºC for two days. Soil pH was measured in a 23 2:1 slurry of deionized water and 10 g of sample using a Accumet AR20 pH meter (Fisher, and concentrations of the three cations were measured using inductively plasma atomic emission mineralization was estimated by comparing the concentration of exchangeable Ca in the initial soils 1 with the concentrations after six months of incubation in the laboratory at room temperature (22-2 23ºC). Total soil C and N were analyzed on air-dried soils using a Carlo Ebra NA 1500 Analyzer (CE 3 Elantech, Milan, Italy). Inorganic N pools were extracted with 2 mol/L KCl and 4 concentrations measured in a Lachat QuikChem 8000. Soil microbial biomass was determined using 5 the CHCL 3 -fumigation-incubation procedure (Jenkinson & Powlson 1976) , which provides 6 measurements of microbial biomass C, microbial biomass N, soil respiration, potential net N 7 mineralization, and potential net nitrification.
8
Understorey light levels were measured using fisheye photography to estimate a gap light 9 index (GLI, Canham 1988) for each of the 90 permanent seedling quadrats. GLI is the percentage of 10 "gap" light (i.e. photosynthetically active radiation transmitted through discrete openings in the 11 canopy) that reaches a point in the understorey over the course of a defined growing season.
12
Photographs were taken in the middle of each quadrat by placing the camera (with a fisheye lens) at 13 approximately 30 cm above the ground. All pictures were taken on cloudy days during August 2005.
15
MAXIMUM LIKELIHOOD ANALYSES OF SEEDLING SURVIVAL AND GROWTH
16
We used maximum-likelihood methods to predict mean seedling survival and growth in each quadrat 17 as a function of two components: 1) the potential seedling survival/growth at each of the three study 18 sites in the absence of specific effects of neighboring trees (i.e. site effects); and 2) the identity, size 19 and spatial distribution of the trees in the neighborhood (i.e. neighborhood effects). We examined 20 two sets of models, one set considering only the distribution and size of A. platanoides in the 21 neighborhood (treating the mix of native species as a random background effect), and a second set 22 of models considering the effects of both the invasive and different native tree species in the 
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Weibull function and a lognormal function. In the two cases, the net effect of a neighboring A.
2 platanoides tree on seedling survival/growth is assumed to vary as a direct function of the size of the 3 neighbor, and as an inverse function of the distance to the neighbor. Then, for i = 1…n A. 4 platanoides in the neighborhood, the neighborhood index (NI) is defined as:
where DBH i is the diameter at breast height of the ith A. platanoides; distance i is the distance of ith 10 A. platanoides from the seedling quadrat; and α, β and γ are parameters determining the shape of 11 the effect of the DBH (α) and the distance to the A. platanoides trees (β and γ) on NI. The Weibull 12 function assumes that the neighborhood effects decline monotonically with distance to a neighboring 13 A. platanoides, whereas the lognormal function allows for the effect of A. platanoides to reach a 14 maximum at some distance β from A. platanoides trees.
15
We explored the relationship between light levels (i.e. GLI) and the neighborhood effects of A. 16 platanoides (i.e. neighborhood index) by conducting regressions of GLI vs. NI. Since these 17 regressions did not show any pattern of variation in light regimes as a consequence of the presence 18 of A. platanoides in the neighborhood, we decided not to include light as an additional term in the 19 models. In fact, understorey light levels were relatively homogeneous and low at all quadrats (mean 20 GLI [Q10%-Q90%] = 4.86 [4.00-6.21]).
21
In order to test whether the effects of A. platanoides varied among sites, we also tried a 22 variation of the linear model (Eqn. 1) in which the slope of the regression (i.e. parameter a) was 1 effects of A. platanoides on seedling performance were consistent across sites.
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The three models described in equations 1-3 were compared to a fourth model (the null 3 model) which assumes no effect of A. platanoides on seedlings. In this model, seedling survival and 4 growth vary solely as a function of the site (i.e. setting to zero the second term in equations 1-2 and 5 to one in equation 3). All models were fitted individually for each of the four seedling species. 
19
Comparison of Acer platanoides vs. native species effects on seedling survival and growth 20 In order to compare the effect of A. platanoides trees on seedling survival and growth with the 21 effects of canopy trees of the three native tree species studied, we fit the linear model (Eqn. 1) to the 22 data using a modified version of the neighborhood functions (Eqn. 4 and 5):
The neighborhood index (NI) here is summed over all trees of the j = 1…4 species (s). The 3 parameters in equations 6 and 7 are the same as in equations 4 and 5 (respectively) with the only 4 exception of the addition of a new parameter, λ j , which represents a species-specific scalar that 5 ranges from -1 to 1 and allows for differences among the four species in their effect (positive or 6 negative) on seedling survival and growth.
8
Parameter estimation and model comparison 9
We solved for the maximum likelihood parameter values using simulated annealing (Goffe et al.
10 1994), a global optimization procedure. The error terms (ε) for the survival data were modeled using 11 a binomial distribution, whereas the error terms for the growth data were normally distributed and 12 modeled accordingly. Alternate models were compared using the Akaike Information Criterion height and diameter had much poorer AIC c scores than at least one of the models that included linear model, providing reasonably good fits for most analyses (R 2 = 0.24-0.49; Table 2 ). The 1 neighborhood effects of A. platanoides on seedling relative height and diameter were always positive 2 for all four species, as indicated by positive values of the parameter a (slope of the regression in the 3 linear model; see Appendix S2 in Supplementary Material). Thus, seedling relative height increased 4 linearly with the increasing value of the NI for all four seedling species (Fig. 3a) . The predicted 5 increase for relative height at the maximum NI was greatest for F. americana (93-111%), followed by 6 P. serotina (73-89%), A. platanoides (53-60%), and A. saccharum (32-26%). When the among-7 species comparison was based on relative diameter, P. serotina benefited the most from the 8 presence of A. platanoides (90-130% increase), followed by F. americana (71-80% increase) and A. 9 platanoides (60-68% increase). A. saccharum again showed the smallest response to abundance of 10 A. platanoides in the immediate neighborhood (45-53% increase; Fig. 3b ).
11
The lognormal function (Eqn. 5) provided the best fit of the effect of neighboring A. 12 platanoides trees on seedling relative height of the two maples, whereas the Weibull function (Eqn. 4) 13 provided a better fit for F. americana and P. serotina seedlings ( 19 20-25 m) than for A. platanoides (i.e. within 10-15 m) and particularly for A. saccharum (i.e. within 5-20 10 m; Fig. 4a ). Moreover, for F. americana and P. serotina seedlings, the shape of the footprint had 21 a shoulder (i.e. β > 1 in the Weibull function; Appendix S2) within the first 5 m from the trunk,
22
whereas for the two maples the footprint had a peak within 1 m from the trunk (i.e. β < 1 in the 23 lognormal function; Appendix S2) and decreased very steeply with distance. The lognormal was also 24 the functional form which best described the neighborhood effects of A. platanoides on the relative diameter of conspecific seedlings, whereas the Weibull function provided a better fit for the three and P. serotina (Fig. 4b ). 
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In contrast, very significant correlations were found between several soil properties and seedling 21 relative height and diameter (Table 4 ). The strongest positive correlations for growth measurements 22 (for all 4 species) were with soil exchangeable Ca (r = 0.42-0.60), followed by nitrification (r = 0.25-23 0.41), NO 3 -(r = 0.21-0.41), and exchangeable Mg (r = 0.25-0.39). pH was also positively correlated 1 (i.e. GLI) were never correlated with relative height, and only weakly correlated with relative diameter 2 for A. platanoides and A. saccharum (Table 4 ). 6 platanoides trees modify ecosystem processes by increasing soil fertility, and that these ecosystem 7 transformations translate into increased growth rates of tree seedlings at the neighborhood scale.
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Interestingly, although the impacts of A. platanoides trees on several soil properties (e.g. Ca, Mg, K) 9 have been shown to vary among sites and to increase with soil fertility (Gómez-Aparicio & Canham,
10
in press), site-dependent effects on seedling growth were not detected in this study. This result is 11 presumably influenced by the fact that seedling growth was not affected by a single soil property but 
16
Such discrepancies among studies could be influenced by differences in site characteristics, stages 17 of invasion, or community composition. In addition, a further explanation may be the fact that 18 previous studies were based on observations of seedling richness and abundance, rather than 19 seedling performance and demography. Patterns of seedling abundance can provide useful insights 20 into the nature of interactions between invasive and native species, but they can also be affected by 21 confounding factors (e.g. seed availability and the spatial distribution of adults of the native species)
22
and should be interpreted cautiously. For example, even in the absence of any kind of interaction 23 between A. platanoides trees and native seedlings, lower richness and/or abundance of native 24 seedlings could be expected in neighborhoods dominated by A. platanoides simply because of 1 seed production of the species and the extraordinarily high densities of older seedlings found at our 2 study sites (i.e. 100 seedlings/m 2 ), it is unlikely that moderate mortality levels of first-year seedlings 3 due to negative feedbacks limit A. platanoides population growth. In fact, older seedling density of A.
4 platanoides exceeded that of A. saccharum by 3-fold, of F. americana by 4.5-fold, and of P. serotina 5 by 6-fold. Moreover, the negative feedback on survival was much more localized than the positive 6 feedback on growth, being mainly restricted to the area below the canopy of adult trees (i.e. first 4-5 7 m from the trunk), where the highest densities of 1-year old A. platanoides seedlings occurred. As a 8 proviso, we note that survival data must be interpreted cautiously, since they were collected during a 9 short period of time (2004) (2005) (2006) and therefore may not be representative of longer term dynamics.
10
Overall, our results support the importance of canopy-seedling feedbacks as a mechanism 11 regulating the rate of invasion in native forests. However, they also indicate that the net 
24
we add this result to the fact that A. platanoides had higher inherent growth rates and higher capitalize on increases in resource availability than comparatively slow-growing species (Grime 1979; highest inherent growth rates, showed the largest responsiveness to the "fertilizing" effect of A.
20
platanoides. This result has important implications for the alteration of the competitive hierarchy of 21 the native community. It implies that the invasion of northeastern forests by A. platanoides may well benefit the native species that are more competitive under nutrient rich conditions. Thus, F. 1 that increases in soil fertility could be a common consequence of invasion in these systems.
2
Whether this leads, in the long term, to canopy dominance by native and introduced species 3 associated with fertile soils remains to be seen. LGN, lognormal). The goodness of fit (R 2 ) is given for the best model. ACPL, Acer platanoides; 
